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1. Introduction

The summary atistics presented inthis document support EPA’ s development of effluent limitations
guiddines, standards, and best management practices (BMPs) for the control of pollutant discharges
associated with the retention on cuttings (ROC) of synthetic-based drilling fluids (SBFs) and other drilling
fluids that are non-dispersible in water. EPA’s primary uses for these summary datistics include: (a)
edimating current (basdine) pollutant discharges, (b) evauating regulatory options, (¢) caculaing potentia
effluent limits, and (d) evauating a criteria for accepting gpplicaionsto inditute BMPs.

More specificdly, this document provides summary statistics for the percent retention of SBF on
cuttings after treetment from each of three technology types. Thetechnology typesinclude shakers (with
subtypesprimary shakers, secondary shakers, and other shakers), cuttings dryers (with subtypes horizonta
centrifuge[Mud 10], verticd centrifuge, squeeze press, and high-G dryer), and fines removd units (with
subtypes decanting centrifuge and mud cleaner). These summary datistics include volume-weighted and
uniformly-weighted meanretentionof SBF on cuttings and their associated variances for individud wells.
In addition, the arithmetic mean, variance, 95" percentile, and 99" percentile of the wdl means are
computed, summarizing both volume-weighted well means and uniformly-weighted well means.

These analysesreflect some revisons and updates indata submitted inresponseto the March 2000
Notice of Data Avalahility. The most Sgnificant revision reflects new data submitted by industry. Another
revisonisthat EPA accepted industry commentsto use certain data qudlity criteriafor seecting data used
to develop ROC limits. EPA aso added an andys's that addresses the ability of drilling fluids trestment
technologies to meet ROC limitswhen usng technol ogies different thanthose forming the technology basis
of the limits The dtatistical methodology for caculating potentid ROC limits has not changed since the
Notice of Data Availability.

2. Data Description

Industry and equipment vendor representatives provided EPA with percent retention measurements
on drill cuttings discharged from solids control systems. These data were recorded as percent SBF on
cuttings in a sample ([Weight of SBF]/[Weight of Wet Cuttings], expressed as a percentage). Since
quantitation limits were under development for these measurement methods as the data presented here
were being collected, none of the percent retention data are identified in EPA’ s database as being “non-
detect.” Associated data generaly included ether the drilling depth or the lengthof a segment drilled, pipe
diameter, drilling flud trestment technology, backup data for the calculation of percent retention, and
location of the drilling Site. EPA’ s engineering review of the raw data is documented in the memo from
Lynn Petrazzuolo and Gary Petrazzuolo of Avanti Corporation to Birute Vanatta of ERG titled
Engineering Review of SBF Retention-on-Cuttings Data, dated December 12, 2000.

EPA analyses presented in this report used both: () the tota depth of the well at the time the
associated ROC measurement wastakenand (b) the length of the intervad drilled since the previous ROC



measurement was taken. However, data submitted to EPA ether provided one or the other. To convert
from total depth to drilling interva, the data werefirg sorted by date within eachwell and the length of the
segment drilled was computed by taking the differences between depths for each pair of successve
records. To convert fromdrillinginterva to total depth, the datawerefirg sorted by date within each well
and dl drilling intervas prior to that associated with the current ROC measurement were summed.

For purposes of andysis and the development of potentid limits, trestment technology categories
or subcategoriesare: primary shakers, secondary shakers, shakers, horizonta centrifuge(Mud 10), vertica
centrifuge, squeeze press, high-Gdryer, cuttingsdryer 1 (acombination of the horizonta centrifuge, vertical
centrifuge, squeeze press, and high-G dryer subcategories), cuttings dryer 2 (a combination of the
horizontd centrifuge, vertica centrifuge, and squeeze press subcategories), cuttings dryer 3 (acombination
of the horizontal and vertica centrifuge subcategories), decanting centrifuge, mud cleaner, and finesremoval
(acombination of the decanting centrifuge and mud cleaner subcategories).

3. Statistical M ethods

EPA generated summary Satigtics for individua measurements of retention on cuttings (ROC),
uniformly weighted means for ROC, and volume welghted means for ROC. The valume used for weighting
the mean is that associated with the cuttings contained within the interva drilled. We computed means and
variances for percent retention of drilling fluids from individua wellsin the various technology categories
and subcategories described above. Inaddition, EPA presentsmeans, variances, 95" percentiles, and 99"
percentiles of the well means for these same technology categories or subcategories.

Note that the retention on cuttings estimates presented here have been cal culated without the use of
detection or quantitation limits. Data were origindly reported without detection or quantitation limits
because the measurement method for retention on cuttings was under development at the time. However,
with the publication of this regulation, EPA is promulgating a quantitation limit (minimum level or ML) of
2%. EPA used measurements below quantitation in the development of numerica limits because the lab
equipment was caibrated to the reported levels or lower and unbiased measurement results below
quantitationare appropriate for useinlarge datasets that describe the genera performance of atechnology
over time. EPA recognizes that such measurement results are variable but measurement resultsabove the
quantitation limit are aso variable and censoring the ROC dataset with quantitation limits would deny the
Agency the ahility to characterize the drilling flud treatment technol ogieswiththe most preciseand unbiased
measurement results available.

3.1 DataEvaluation
EPA evduated: (1) the reationship between depth drilled and percent retention and (2) the

probability distributions of individua percent retention measurements within wels, volume weighted well
means, and uniformly weighted well means.



EPA’s evduation of the relationship between depth drilled and percent retention was graphicd.
Figures 1 - 6 grgphicdly display the relationship between depth drilled and percent retention on cuttings
by well and by technology. The sx individud technol ogiesdisplayed hereare those considered as the bases
for the devdopment of numeric limits. These technologies are horizontal centrifuge (Mud 10), vertical
centrifuge, squeeze press, high-G dryer, decanting centrifuge and mud cleaner. Figure 7 displays the
relationship between depth drilled and percent retention on cuttings by technology, without regard to the
individud well.

EPA’s digtributiond evauation was both inferential and graphical. Where the inferentid Shapiro-
Wilk gatigtic is calculated from the observed values (“X;;” or “X;” in Table 1), the probability that the data
come from anormal distribution is estimated. Where the Shapiro-Wilk gatistic is calculated from the log
of the observed values ( “log(X;;)” or “log(X;)” in Table 1), the probability that the data come from a
lognormd digtributionis estimated. Sel ected graphical andyses(Figure8) indicatehow closdly the uniformly
welghted well means follow either the norma or lognormal distribution by plotting the observed probability
of obtaining a particular well meanversus the probability that suchameanwould have been obtained under
ether the norma or the lognormd digtribution.

3.2 Edimation of Volume-Weighted and Uniformly-Weighted Means with Variances for
Individual Wells

Table 2 presents estimates for uniformly-weighted well means and volume-weighted wdl means.
The uniformly-weighted wel means are the arithmetic mean of percent retention, whereas the volume-
weighted well means are caculated under the assumption that the percent retention associated with the
volume of drill cuttings (a functionof pipe Sze and length of segment drilled) provided a more appropriate
sourcefor esimating the mean. Theoreticaly, smaler pipe sizes generate smdler cutting that expose more
surface areato the drilling fluid. Thegreater surfaceareawould lead to greater retention of SBF on cuttings.

EPA egtimated volume-weighted means and variances (Sokal and Rohlf, 1969%) for individud wells
asfollows
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Egtimators of uniformly-welghted means and variances for individua wells are:

1 Sokd, R. R. and F. J. Rohlf. (1969) Biometry, 3rd edition. Page 42. New York: W. H.
Freeman and Company. 1SBN:0-7167-2411-1.
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For EPA to calculate the volume of cuttings in an interva drilled, it was sometimes necessary to use
recordsindicating thet the interva drilled was either zero or negative. If the interva drilled associated with
anon-missng retention measurement was zero then the retention value associated with the zero drilling
interval and the retention val ue associated with the positively vaued drilling interva from the immediately
preceding record were averaged and gpplied to the volume weight associated with the positively vaued
drilling intervd. If the drilling intervd in the immediatiely preceding record aso was zero, then the record
for percent retention did not enter the volume-weighted retention anayss. This procedure is based on
EPA’s assumption that measurements associated with no new drilling will reflect characterigtics of the
cuttings generated during the previous drillinginterva. EPA handled negétive intervals drilled, indicating that
the pipe was pulled up and drilling proceeded inadifferent direction, aszero and processed suchretention
values as described above.

3.3 Edgtimation of the Mean, Variance, and Upper Percentiles of Well M eans (assuming well
means are normally distributed)

Table 3 presents arithmetic means and variances of the volume-wei ghted or uniformly-weighted well
means and upper percentiles (95" and 99™). These estimates were calculated by the following formula,
assuming that both the volume-weighted and uniformly-weighted well means followa normd digtribution:
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where

X; = volume-weighted or uniformly-weighted mean of percent retention for the ith well
n

= total number of wels
Zoos = 95th percentile from the standard normal distribution (= 1.645)

Z,,99 = 99th percentile from the standard normal distribution (= 2.326)

Such percentileswere calculated based on data selected using the factors considered inestablishing
find effluent limitations guiddines, sandards, and best management practices. These factors included the
type of drilling fluid treetment technology in use, the existence of backup datafor the retention on cuttings
measurements, the foreign or domestic location of the wel being drilled, and the duration of the period
consdered for demondrating that awell is capable of being drilled usng best management practices.

3.4 Compliance Analyses

Compliance andyses that EPA presentsin Tables4 and 5 provide information on two issues. The
fird issue is the likdihood that any given technology will be able to comply with a potentia limit without
modifying the technology, operations, or maintenanceof the drilling fluid treetment system. The second issue
isthe predictive ability of the demonstration required prior to beginning operations under best management
practices (BMPs). Table4 displays these estimates for technologies considered under numeric limit Option
1. Innumeric limit Option 1, the limit isbased onaweghted average of retention on cuttings measurements
frombothcuttings dryer and finesremoval technologies. Numeric limitsare ca culated under the assumption
that 97% of the cuttings volume discharged comes from the cuttings dryer technology and 3% of the
cuttings volume discharged comes from the fines remova technology. In numeric limit Option 2, the limit
is based on adischarge from a single cuttings dryer technology.

In order to estimate the likelihood that any given technology will be able to comply with a potentia
limit without modifying the technology, operations, or maintenance, al useable data were compared to
potentid limits associated with a particular combination of factors (see Tables 4 and 5). These factors
included the type of drilling fluid trestment technology inuse, the existence of backup datafor the retention
on cuttings measurements, and the foreign or domestic location of the well being drilled.



Inorder to estimate the predictive ability of the demonstrationrequired prior to beginning operations
under best management practices (BMPs), datafromthe first one third of the depth drilled usng SBF were
compared to potential limitsassoci ated witha particular combinationof factors (see Tables4 and 5). These
results are then arrayed next to those associated with drilling the entire depth drilled using SBF.

4. Analysis

Inthis section, EPA discussesthe results of the relationship betweenwel depthand percent retention
on cuttings, distributional, and compliance analyses.

For proposal?, EPA accepted the industry contentionand assumed that the percent retentionof SBF
on cuttings increased as the depth of the well being drilled increased. However, for the notice of data
avallability®, EPA found that the available data did not support thisassumption. Withthe submissionof data
subsequent to the notice of data availability, EPA has again examined this assumptionin Figures 1 - 7. With
regard to the graphics showing the relaionship withinindividud wells (Figures 1 - 6), EPA again finds thet
the available data do not support the assumption that the percent retention of SBF on cuttings will
sysemdicaly increase as the depth of the well being drilled increases. While the available data do suggest
such a correlated rdationship in some cases, there are about as many cases in the available data that
suggest ardationship in the opposite direction. With regard to the graphics showing the rel ationship after
combining al measurements on the same technology subcategory (Figure 7) , it is difficult to see any kind
of agenerd trend that would not be overwhelmed by the variability between wells.

For proposal and again for the notice of data availability, EPA found that the data associated with
individua technologies as implemented in specific countries (considered as the bases of numeric limits for
retention on cuttings) were gpproximately normal in distribution. Again, using inferentia (Table 1) and
graphicd (Figure 8) anaytica products to support the find rule, EPA finds that the data associated with
individua technologies from specific countries are approximately normd in distribution. However, in
response to comments, EPA considered basing find limits on combinations of drilling fluid trestment
technologies as implemented in different countries.

Thereare physicd, enginering, and gtatistical reasons why EPA bdlievesthat thesedifferent datasets
do not come from the same probability distribution. The physical principles and design dements of these

2White, C., U.S. EPA. Memorandum to Joseph Daly, Energy Branch through Henry Kahn,
Satidics Andyss Section regarding Current Performance, when using Synthetic-Based Drilling Fluids,
for Primary Shakers, Secondary Shakers, and Vibrating Centrifuge and Model Limits for Percent
Retention of Base Fluids on Cuttings for Secondary Shakers and Vibrating Centrifuge. January 29,
1999.

3EPA, Satistical Analysis of the Percent Retention of Drilling Fluids on Cuttings after
Treatment. March 2000.



technologies are different (see the devel opment document) and the formationdrilled in Canada isdamed
to be sgnificantly harder than that found in the Gulf of Mexico. Additionaly, EPA has some question as
to how well the technology was implemented on the Canadian wells since this use of the technology was
conducted without experienced equipment operators. Statisticaly, Figure 8 shows the Canadian (foreign)
wells usng the horizontal centrifuge to have average retention on cuttings measurementsthat are noticegbly
higher than those found in the Gulf of Mexico (USA) when the same technology isin use and that these
Canadian well averages cast doubt on the assumptionof asngle norma probability digribution. If the data
displayed in aquantile - quantile plot, such as those displayed in Figure 8, realy came from the assumed
distributionthenthe data pointswould be arrayed inan gpproximately linear fashion. Under the assumption
of anorma probability distribution, wherethe Canadiandataare plotted withthe horizonta centrifuge data
fromthe Guif of Mexico, the Canadiandata clearly do not followthe linear relaionship shown withthe data
from the Gulf of Mexico. Where the lognormd digtribution is assumed, the Canadian data arguably do
followthesamelinear rdationship shown withthe datafromthe Gulf of Mexico. However, the well average
retention on cuttings measurementsfrom Canadaare dl higher thanthose found in the Gulf of Mexico and
that arguesthat the Canadian data do not bel ong to the same probability distribution as that associated with
the datafromthe Gulf of Mexico. Sincethesetechnol ogiesappear to be physicaly and satisticaly different,
asingle digtribution for retention on cuttings from any combination of cuttings dryer technologiesdoes not

appear to exist.

The compliance andysis presented in Tables 4 and 5 are intended to display: (1) estimates of the
likelihood that any given technology will be able to comply with a potential limit without modifying the
technology, operations, or maintenance and (2) estimates of the predictive ability of the demongtration
required prior to beginning operations under best management practices (BMPs). In general, these
edimates demongtrate that there are some cases where technol ogies different thanthose that formthe basis
for apotentia limit would be able to meet that limit. For example, the first line of Table 5 indicatesthat 53
wellsin EPA’ s database would be able to meet a limit that Table 3 tdls us was based on 41 wells. This
means that at least 8 of the wdls in EPA’s database were usng some technology different than the
technology badis of that potentid limit. These estimates dso demondtrate that, athough there is some
increased variahility due to the use of a smdler sample sze, the BMP demonstration period seems to
provide reasonable predictions for the wel average retention on cuttings achieved when operations and
maintenance are maintained throughout the drilling of the entire well.

5. Final Effluent Limits

EPA sdlected two find numeric limitsfor the retention of SBF on cuttings. For drilling fluidswiththe
environmenta properties of esters (toxicity and bio-degradation), the well-average ROC not to be
exceeded is 9.4%. Thisis based on the uniformly weighted within wel averages of measurement results
from Cuttings Dryer Technology 1 that include foreign data but exclude measurement results without
backup data. Again, Cuttings Dryer Technology 1 included horizonta centrifuges, vertical centrifuges,
sgueeze presses, and high-G dryers. For dl other synthetic based drilling fluids, the well-average ROC
not to be exceeded is 6.9%. Thisisbased on the uniformly weighted within well averages of measurement



resultsfrom Cuttings Dryer Technology 3 thatincludeforeigndata but exclude measurement results without
backup data. Again, Cuttings Dryer Technology 3 included horizonta and vertical centrifuges. In both
cases, aswas proposed and presented in the notice of data avallability, the numeric limit is estimated asthe
95th percentile of anorma ditribution for the well-averages.

Commentsin response to the proposa and the notice of data availability suggested considering the
following factorsin the development of find numeric limits (a) the hypothess that retention on cuttingsis
related to the depth drilled, (b) documentationof data, (c)geology of areasin the US that do not currently
have drilling operations, and (d) flexibility in the choice of technology used to meet find numeric limits.

Withregard to factor (&) the hypothesis that retention on cuttingsis related to the depth drilled, EPA
reects this hypothesis based on the analysi's presented insection4. Asaconsequence, find numeric limits
are based on uniformly weighted well averages as opposed to volume weighted well averages.

Withregard to congdering factor (b) documentationof data, EPA hasagreed withindustry comments
that numeric limits should be based on ROC data where backup data are available to describe how those
measurement results were obtained. As a consequence, measurement results without backup data were
excluded from the datasets used to develop find numeric limits.

Withregard to consdering factor (c) the geology of areasinthe US that do not currently have drilling
operations, EPA has provided a reasonable alowance for the increased variability expected in such
locations. EPA provided this dlowance by including data for wells that were not drilled in the US, as
opposed to basng numeric limits on a 99th percentile. Use of the 99th percentile was discussed in the
notice of data availability but induding data from foreign wells directly includes variability associated with
formations different than those that currently have drilling operations within the United States. Use of the
99th percentile would have been an dternative method to alow for more varigbility but the dlowance
could not be tied to the mativating source of variability, whichisthat due to drilling in areas in the US that
do not currently have drilling operations. EPA further notesthat the well average used for compliancewith
the ROC limit is roughly anadogous to the monthly average limits EPA generally sets equal to a 95th
percentile estimate. EPA generdly uses 99th percentile estimates as the badis for limits st on single
measurement results’,

With regard to factor (d) providing flexibility in the choice of technology used to meet find numeric
limits, EPA indluded severd different technologies in the datasets used to devel op two find numeric limits
Inparticular, the high-G dryer wasincluded inthe technology basis used to develop find numeric limitsfor
drilling fluids with the environmental properties of ester based drilling fluids. This technology is particularly
important because it appearsto take less space than other technologies and it may fit on drilling rigs thet

“Kahn, H.D. and Rubin, M.B., Use of Statistical Methods in Industrial Water Pollution Control
Regulations in the United States, Environmental Monitoring and Assessment, Volume 12, pages
129-148, 1989.



may not otherwise be ableto ingdl acuttings dryer technology. For wells used in the development of fina
numeric limits three out of Sx high-G dryers, dl five squeeze press units, dl eight vertica centrifuges, and
twenty-five out of twenty-sx horizontal centrifuges demongrated their ability to comply with the numeric
limit of 9.4 without further attention to operations, maintenance, or design. For dl other SBF drillingfluids,
the numeric limit isbased on combining datafromthe horizontal and vertical centrifuges. Bothtechnologies
are included to provide industry the ability to choose between equipment vendors. For wells used in the
development of the find numeric limits, adl eight vertica centrifuges and twenty-four out of twenty-Sx
horizontal centrifuges demondrated their ability to comply with the numeric limit of 6.9 without further
attention to operations, maintenance, or design.

Asdiscussed insection 4, aconsequence of both factors (c) and (d) isthat using anormal probability
digtribution between wells means is a only a rough approximation to the true distribution between well
means. However, in order to provide thisindustry with the flexibility in selection of drilling fluid trestment
systems necessary to encourage the use of more environmentdly benign drilling fluids, to dlow for
varigbility in drilling through formations that do not currently have drilling operations, and to follow EPA’s
proposed methodology for estimating percentiles, EPA based fina numeric limitsoncombinations of drilling
flud treetment technologies from both foregn and domestic wells . Combining data from various
technologies and locations does dlow for the calculation of 95th percentiles based on EPA’s proposed
methodology. EPA’s proposed methodology assumes that the well means are gpproximatey normd in
probability distribution. As proposed, EPA is establishing limits equa to 95th percentiles estimated from
the performance of wells using the technology bases for ROC limits.



